We have studied the presence of novel inflammatory markers as soluble urokinase plasminogen activator receptor (suPAR) and natural IgM antibodies directed against phosphorylcholine (αPC-IgM) in Swedish diabetic patients (n = 164) and in healthy control subjects (n = 41). SuPAR is expressed by several types of immune cells and has been shown to be a marker of disease severity and predict mortality during infections. It has also been associated with lowgrade inflammation. High levels of αPC-IgM have been shown to negatively associate with the risk of cardiovascular disease and vascular inflammation. This has been suggested to be more common among diabetic patients than in the background population. The patients were 15 -34 years of age and were included in the diabetes incidence study in Sweden (DISS). They were all clinically diagnosed to have either T1D (n = 82) or T2D (n = 82). All subjects were matched in gender and age. Commercially available ELISA was used to detect suPAR and αPC-IgM. We found that suPAR levels were higher in diabetic patients (n = 164, Q 2 = 4.5 mg/L) compared to in healthy control subjects (n = 41, Q 2 = 2.7 mg/L; p < 0.0001), and in patients classified with T2D (n = 82; Q 2 = 4.9) compared to in patients classified with T1D (n = 82; p = 0.0002). The difference between T2D and T1D was even more obvious when LADA (n = 17) was extracted from the T2D group. SuPAR levels did also correlate with BMI (r s = 0.50; p < 0.0001), C-peptide levels (r s = 0.23; p < 0.0001) and CRP (r s = 0.58; p < 0.0001). Titers of αPC-IgM did not significantly differ between patients and controls. This is the first study to show the difference in suPAR levels between T1D and T2D patients. The high levels of suPAR in T2D patients indicate a strong activation of the immune system and its relation to disease progression needs to be further investigated. However, our data do not support a role for αPC-IgM in the development of diabetes.
INTRODUCTION
Type 1 diabetes (T1D) is considered to be an autoimmune disease, which results in the destruction of pancreatic islet beta cells by autoreactive T cells [1, 2] . Type 2 diabetes (T2D) on the other hand is the result of decreased insulin sensitivity in peripheral tissue [3] . Even though T2D is not considered to be an autoimmune disease, some patients clinically classified with T2D appear to have autoantibodies characteristic of T1D. These patients are believed to have a slower form of T1D called latent autoimmune diabetes in adults (LADA) [4] .
Mortality in cardio vascular disease (CVD) has been suggested to be higher in patients with diabetes compared to in the background population [5, 6] . Much of the atherosclerotic plaque underlying CVD consists of oxidized lipids and low-density lipoproteins (oxLDL) [7] . These structures share epitopes like phosphorylcholine (PC) with common pathogens and has been suggested to activate leukocytes [8, 9] and promote inflammation [10] .
Whereas the immune response in T1D is extensively described not much is known about the role of the immune system in the development of T2D. However, several lines of evidence suggest prominent low-grade inflammation to be part of the pathophysiological mechanism [11] [12] [13] .
An interesting marker of the activated immune system is the soluble receptor for urokinase plasminogen activator (suPAR) [14] . The membrane-associated form (uPAR) is a key regulator of plasminogen activation and an im-portant homeostatic component expressed on the surface of a wide variety of cells including several effector leukocytes [15] [16] [17] [18] [19] as well as non-leukocytes [20] [21] [22] . High levels of suPAR has been correlated with increased mortality risk and the severity of infectious diseases such as HIV [23] , tuberculosis [24] , malaria [25] and sepsis [26] but also autoimmune disease like rheumatoid arthritis [27] . Age and gender dependent variation has been reported in background suPAR levels showing a positive correlation with increased age and higher levels in women than men [28] .
The biological activity of suPAR is not entirely known and it is not verified whether the molecule is active or just a result of increased cell surface release of uPAR. However, uPAR interacts with both uPA and vitronectin, the latter a structure that also interacts with integrins to regulate cellular motility [29, 30] and based on the SRS-RY motif in the linker region of suPAR, a chemotactic activity of the D2-D3 segment is likely to be assumed [31] [32] [33] . Recent studies have suggested an association between increased suPAR levels and risk for developing type 2 diabetes and CVD in patients above 40 years of age [34] .
High titers of IgM antibodies against phosphorylcholine (αPC-IgM) seem to be negatively associated with atherosclerosis and CVD while low titers in contrast relates to increased risk [35] . Characterization of these antibodies in diabetic subjects however, is currently not established and little is known about their protective role in diabetes. The protective antibodies are "natural" which means that they are believed to be germline encoded and directed against the epitopes shared with common pathogens [36] . In contrast to common antibodies, where high specificity is driven by external antigen stimuli and recombination, the function of natural antibodies are more likely to be part of the innate immunity as pattern recognition molecules [37] .
The aims of this paper were: 1) To study suPAR levels in young adult patients with clinical classification of either T1D or T2D, close to clinical onset.
2) To study titers of αPC-IgM antibodies in the same group of patients.
The hypothesis was that suPAR levels would be increased in autoimmune diabetes due to a massive infiltration of autoreactive T cells. Lower levels of αPC-IgM antibodies in diabetic subjects could indicate a less protective role by the innate immune system regarding the development of CVD and vascular inflammation.
METHODS

Subjects
Patients included in the study were part of the Diabetes Incidence Study in Sweden (DISS) and diagnosed with diabetes according to the WHO criteria [38] . All patients were 15 -34 years old at the time of diagnosis 1998-1999. Patients clinically classified with T1D (n = 82) or T2D (n = 82) were analyzed for islet cell antibodies (ICA), glutamic acid decarboxylase antibodies (GADA), islet antigen-2 antibodies (IA-2A) as well as C-peptide to establish autoimmune diabetes and endogenous insulin production. When ICA, GADA and/or IA-2 are detected in patients with the clinical classification of T2D they are referred to as latent autoimmune diabetes in adults (LADA), a subgroup of T1D. Parameters such as plasma glucose, insulin treatment, and presence of ketonuria and/or acidosis were provided by the treating health care unit. Healthy blood donors (n = 41) were used as control subjects and collected between 1999 and 2000. All subjects signed a form giving informed consent. A total of 117 men and 88 women were included.
Sample Handling
Blood samples in EDTA tubes were collected at time of diagnosis or as close to as possible (Q 2 = 5 days, IQR = 18 days). They were sent to the laboratory by ordinary mail (Q 2 = 1 day; IQR = 2 days) and plasma was separated and stored in -70˚C until use.
Laboratory Assays
Analysis of ICA, GADA and IA-2A was performed as described by Landin-Olsson [39] , Falorni [40] and Gianani [41] . Analysis of C-peptide and C-reactive protein (CRP) was performed by the department of Clinical Chemistry, Lund University Hospital, Lund, Sweden. Detection limits for C-peptide and CRP was 0.01 nmol/L and 0.6 mg/L respectively. Analysis of suPAR was performed using commercial suPARnostic standard ELISA (A001, Virogates A/S, Copenhagen, Denmark) according to manufactures instructions. The detection limit of suPARnostic assay was reported to be 0.1 ng/mL and the reported precision of the kit was an intra-assay variability of 1.7% -4.7% and an inter-assay variation of 1.7% -5.1%. Levels of natural αPC-IgM were measured with commercial CVDefine TM ELISA (Athera Biotechnologies, Stockholm, Sweden) according to manufactures instructions. The detection limit of CVDefine was reported to be 0.5 U/mL and the reported precision of the kit was an intra assay variability of 4.0% -6.8% and an inter-assay variability of 1.1% -2.4%. The absorbance of the samples was measured with a BioHit BP808 ELISA plate reader. The concentration of suPAR was calculated from the suPARnostic-calculator standard v1.3 (http://www.suparnostic.com/Info/toolbox.html). The titers of αPC-IgM were calculated from a four-parameter logistic regression standard curve using Sigma Plot v10.0 for Windows.
Statistics
Normal distribution was tested for with KolmogorovSmirnov test [42] . Values are reported as median (Q 2 ) and followed by (min-max) in Table 1 . Mann-Whitney U-test [43] or Kruskal-Wallis H-test [44] was used to test for differences in concentrations or antibody titers between groups. The Spearman rank correlation, r s [45] was used to test the correlation between variables. A linear multiple regression analysis was performed with su-PAR as the dependent variable. Independent variables, T1D, T2D, LADA, BMI, C-peptide and CRP were added to the model. Data for type of diabetes was entered as discrete variables (1 = positive and 0 = negative) while other data was continuous. All statistical data was analyzed with MedCalc® for Windows v.11.5.1 (www.medcalc.org). Results were considered significant when p < 0.05.
RESULTS
Clinical and laboratory data of interest are presented in Table 1 .
Comparison of Medians
Median suPAR levels were significantly higher in diabetic patients (Q 2 = 4.5 ng/mL) compared to in healthy control subjects (p < 0.0001) (Figure 1(a) ). Levels of suPAR were higher in patients with T2D (Q 2 = 5.3 ng/ml) compared to in T1D (Q 2 = 4.0 ng/mL, p = 0.0001) and LADA (Q 2 = 4.7 ng/mL; p = 0.04). SuPAR levels did not significantly differ between T1D and LADA. Females had statistically significantly higher levels of suPAR compared to in males in the group with T1D (Q 2 = 4.7 ng/mL vs 3.6 ng/mL, p = 0.008). However, gender was not statistically significant in the control group (Q 2 = 2.8 ng/mL vs 2.6 ng/mL; p = 0.11) or in patients with T2D (Q 2 = 5.7 ng/mL vs 5.1 ng/mL, p = 0.41) and LADA (Q 2 = 4.8 ng/mL vs 4.4 ng/mL, p = 0.88).
Median αPC-IgM did not differ between diabetic patients (Q 2 = 60 U/mL) and control subjects (Q 2 = 49 U/mL, p = 0.18). Neither was there any difference between the different diabetes subgroups (Figure 1(b) ).
CRP was also significantly higher in diabetic patients (Q 2 = 2.0 mg/L) compared to in healthy control subjects (Q 2 = 0.6 mg/L; p < 0.0001). Also this time, the highest levels were observed in patients with T2D (Q 2 = 3.6 mg/L) compared to in T1D (Q 2 = 0.7 mg/L, p < 0.0001). However, CRP levels were significantly different between T1D and LADA (Q 2 = 2.7 mg/L, p = 0.04) but not between T2D and LADA (p = 0.19).
Body mass index (BMI; kg/m 2 ) was significantly higher in T2D patients (Q 2 = 33.8) compared to in T1D (Q 2 = 22.1; p < 0.001) and LADA (Q 2 = 28.6; p < 0.01). The BMI in LADA patients was also significantly higher than in T1D (p < 0.001). BMI data for healthy control subjects is unfortunately missing. Highest median C-peptide level was found among T2D patients (Q 2 = 1.11 nmol/L) and followed by LADA (Q 2 = 0.56 nmol/L), control subjects (Q 2 = 0.38 nmol/L) and T1D (Q 2 = 0.20 nmol/L). Statistically significant differences were detected between all groups except when comparing LADA with control subjects.
Correlation Analysis
Correlation was observed between suPAR and CRP (r s = 0.58, p < 0.0001, n = 205), suPAR and BMI (r s = 0.51, p < 0.0001, n = 164) as well as suPAR and C-peptide (r s = 0.23, p = 0.0013, n = 205). A slightly negative correlation was observed between suPAR and ICA in diabetic subjects (r s = -0.19, p = 0.013) that further indicate higher levels of suPAR in T2D compared to in autoimmune diabetes. There was no correlation between suPAR levels and age (r s = 0.08, p = 0.20) in our material. Neither was there any correlation between αPC-IgM and suPAR levels, BMI, C-peptide, or age. There was no difference in αPC-IgM titers by sex. No correlation was found between the diabetes specific autoantibodies and αPC-IgM or to the number of different autoantibodies present.
Multiple Regression Analysis
To test if the differences in suPAR levels between types of diabetes persisted after taking consideration to factors like BMI, CRP and C-peptide, a multiple linear regression analysis was performed. According to this model, BMI was the only variable that significantly affected the suPAR levels (p < 0.0001) ( Table 2 ).
DISCUSSION
We found that suPAR concentrations were signifycantly higher in patients with onset of diabetes mellitus in the 15 -34 years age group compared to in age and gender matched non-diabetic control subjects. Increased levels of suPAR have been observed in other autoimmune disorders such as rheumatoid arthritis [27] and it is reasonable to assume that it is the result of an activated immune response similar to infectious disease. Hence, we were expecting to find high suPAR levels in patients with T1D since this condition is characterized by substantial infiltration of autoreactive T cells in pancreatic islets. Slightly increased suPAR levels in low-grade inflammation have also been suggested but the highly significant increase in T2D compared to an autoimmune disorder like T1D was unexpected.
The strength of the study is that we used a rather young population that has not been extensively studied before in respect to suPAR and αPC-IgM. The patients are also included in a nationwide study and followed on an annual basis. Thus, it should be possible to follow up these patients with respect to treatment and diabetes specific complications, especially in relation to suPAR levels. To our knowledge, this is the first time a comparison of suPAR between T1D and T2D has been performed. A limitation of the study is that the number of patients and controls were restricted due to assay expenses. Even though the number of subjects was adequate for a pilot study it is desirable to repeat the study with a larger number of subjects in the future. Another limitation is the lack Increased suPAR levels have recently been suggested to be part of the T2D spectra [34] although the patients in our study are considerably younger. We found a strong correlation between plasma suPAR levels and plasma CRP in agreement with other studies [28, 46] . BMI and C-peptide were also higher in the group with T2D and correlated well with suPAR. In fact, BMI was the only independent variable that could explain the variation of suPAR among diabetic subjects ( Table 2 ). Yet, since we lack data of BMI in control subjects, this observation must be interpreted with cautiousness. BMI is normally higher in patients with T2D so an increase of any marker in T2D would also correlate with BMI. Therefore, the relation to suPAR in this study is difficult to establish with current data. The suPAR and BMI correlation has not been identified as significant in nondiabetic populations [28, 34] while CRP appears to be related to both BMI and plasma lipids. CRP is thus suggested to be a good marker of both metabolic inflammation and microbial infection while suPAR is more related to overall immune activation [47] . From one aspect, our data also supports this observation since the differences between T1D and LADA are evident when it comes to BMI (p < 0.0001) and CRP (p = 0.04) but not suPAR (p = 0.34). Thus LADA, which is the more obese group among autoimmune diabetic subjects, also show higher CRP but similar suPAR levels, maybe reflecting a similar immune activation.
Even though patients with T2D and LADA were a few years older than patients with T1D and controls subjects, there were no correlation between suPAR and age. One explanation could be that all subjects in our study are younger adults (15 -34 yr of age) and thus the less distinct age dependent suPAR variation. Another explanation could be that the impact from diabetes on suPAR levels is so much stronger than age specific contribution in our study. However, we could see a statistically significant gender difference for patients with T1D, promoting high suPAR levels in women, but not for patients with T2D or LADA. Again, the impact from T2D on suPAR levels might be so strong that gender dependent variation fades. The group with LADA is probably too small to recognize any natural variation in suPAR levels. Neither could we find a significant difference in the control group, which is also too small. Activated macrophages in adipose tissue are of major importance when it comes to the development of obesity related inflammation. They are likely to be the source of the proinflammatory cytokines observed in obesity, contributing to insulin resistance as well as T2D [11] . Whether they might be the source of suPAR or not in T2D cannot be concluded by our data but raises a significant question for future research. Elevated suPAR levels have also been related to Insulin resistance [48] , which possibly could explain the strong correlation to C-peptide in our study.
High levels of natural antibodies directed against phosphorylcholine (αPC-IgM) have been associated with a decreased risk of cardiovascular disease [35] . This led us to believe that diabetic patients with increased risk of CVD could have lower levels of αPC-IgM. However, this was not confirmed in our material of young adult subjects. Since the levels of natural antibodies should be independent of age, complications in diabetes are probably unrelated to the αPC-IgM levels.
The origin of inflammation in our T2D patients is not easily identified. The strong correlation between suPAR and CRP suggests an ongoing immune response in both T1D and T2D. High suPAR levels in T2D patients further signify the role of the immune system in this metabolic disorder. Based on higher suPAR levels, we suggest that the immune mediated response is even more severe in T2D compared to in T1D. Even though T2D is not considered to be an autoimmune disorder the innate immune response is systemic and more extensive, leading to inflammation, in contrast to the organ specific adaptive autoimmune response in T1D.
The prognostic value of suPAR has been shown several times in severe infections [23] [24] [25] [26] where it predicts mortality during quite short follow-up time. Whether this is also true for diabetic subjects is currently not known. Another exciting thought is that suPAR levels in diabetic subjects perhaps have a predictive value for future development of diabetes related complications. Studies with these approaches need to be addressed in order to understand the role of suPAR in diabetes.
CONCLUSIONS
In conclusion, this is the first study to show suPAR levels in young adult patients with diabetes. The findings
